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In rat embryonic sympathetic neurons from the superior cervical ganglia (SCG) NGF-mediated survival depends on the
activation of the trkA receptor tyrosine kinase and on the activity of the intracellular plasmamembrane-anchored small
G-protein p21ras. In contrast, chick sympathetic neurons derived from the more caudally located lumbosacral chain ganglia
(LSCG) do not respond to activated p21ras (G12V-Ha-ras mutant). In these neurons endogenous p21ras and its downstream
effector MAP kinase are activated but are not essential for NGF-dependent survival. Here we show that also in chick
sympathetic neurons of the SCG permanently activated p21ras protein does promote neuron survival. Consistently, their
NGF-mediated survival is sensitive to Fab fragments blocking endogenous p21ras activity. These results suggest that
sympathetic neurons derived from sympathoenteric (SCG) and sympathoadrenal (LSCG) lineages differ in their requirement
for p21ras in the NGF-mediated survival pathways. q 1997 Academic Press
INTRODUCTION suf®cient for survival (Nobes et al., 1996) and anti-ras Fab
fragments inhibit NGF-dependent survival (Nobes and
Tolkovsky, 1995). In contrast, the survival of sympatheticParavertebral sympathetic neurons originate from the
neurons derived from the more caudally located lumbosa-neural crest and depend on the classical neurotrophin nerve
cral chain ganglia (LSCG) of the chick is not affected bygrowth factor (NGF) for survival. Neurotrophins are
intracellularly applied activated p21ras nor by anti-rasthought to be produced in limited amounts in the target
Fab fragments (Borasio et al., 1993). Interestingly, NGFtissue. When neurons reach their target ®elds they compete
does activate endogenous p21ras (Carter et al., 1995) andfor this limited supply of neurotrophins for survival. This
MAP kinase (Klinz and Heumann, 1996) in LSCG neuronsmechanism is believed to match the number of neurons in
of the chick.the ganglia to the size of the peripheral target innervated
This surprising difference in the signal transduction path-(Barde, 1989).
ways of NGF in two populations of sympathetic neuronsAlthough the NGF dependence of sympathetic neurons
may be due to a species difference (rat vs chick) or a differ-correlates well with their expression of the NGF signal-
ence between rostrally located SCG and caudally locatedtransducing receptor tyrosine kinase trkA (Snider, 1994;
LSCG neurons. Indeed, recent data provide evidence for anWyatt and Davies, 1993; v.Holst et al., 1997), differences
ontogenetic difference between SCG and the other sympa-in intracellular mechanisms of NGF signaling have been
thetic ganglia. Durbec et al. (1996) found that in c-ret knock-observed. In sympathetic neurons derived from the supe-
out mice, lacking the tyrosine kinase receptor subunit forrior cervical ganglia (SCG) of the rat, activated p21ras is
the glial cell line-derived neurotrophic factor (GDNF) and
neurturin, the SCG disappear in embryos around day 12 of
gestation, while all other paravertebral sympathetic ganglia1 To whom correspondence should be addressed. Fax: /49-234-
7094105. E-mail: rolf.heumann@ruhr-uni-bochum.de. appear normal.
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To resolve the discrepancies concerning the involvement RESULTS
of ras in the survival of sympathetic neurons, we have com-
pared the NGF signal transduction between SCG and LSCG To analyze the role of ras in NGF signaling in SCG sympa-
thetic neurons, ras protein or ras-blocking Fab fragmentsneurons within one species, the chick.
were introduced into primary neurons using the trituration
method as described earlier (Borasio et al., 1993). The tritu-
MATERIALS AND METHODS ration ef®ciency in E12 SCG neurons was lower than that
in E12 LSCG neurons. While 91 { 6% (SD, n  5) of the
Preparation of Val12-Ha-ras and Asn17-Ha-ras latter were loaded with ras and 88 { 5% (SD, n  5) with
Fab fragments, we found that only 68{ 5% (SD, n 5) of theRecombinant G12V-Ha-ras and S17N-Ha-ras were puri®ed from
bacterial lysates by anion exchange chromatography (Source Q, triturated SCG neurons were ras-positive when analyzed by
Pharmacia) and gel ®ltration (Superdex 75 prep grade 16/60, Phar- immunocytochemistry 3 h after plating. With the larger Fab
macia), modi®ed from Tucker et al. (1986). fragments, we obtained an even smaller trituration ef®-
ciency of 45 { 5% (SD, n  5). Although this ef®ciency
limits the potential effects to a subpopulation of cells, it isPreparation of Anti-ras Fab Fragments
suf®cient to study the role of ras in SCG neurons. For the
Anti-ras Fab fragments were prepared from the monoclonal anti- analysis of ras function in sympathetic neurons from E12
body Y13-259 (Furth et al., 1982) by papain digest followed by Seph-
SCG or LSCG, we monitored their survival 2 and 48 h afterarose Q Fast Flow (Pharmacia) anion exchange chromatography.
trituration of activated ras, in the absence of NGF. In E12The Fab fragments were eluted with 10 mM Tris, 100 mM NaCl,
SCG control cultures, 18 { 4% of the initially plated cellsdialyzed against PBS, and concentrated using Centricon 10 micro-
were alive after 48 h, whereas trituration with activated rasconcentrators (Amicon).
enabled 50 { 5% of the neurons to survive (n  3; P 
0.005; Fig. 1B, open bars). These surviving neurons wereNeuron Cell Culture
morphologically healthy, with large, phase-bright cell bod-
Dissection and culture of chick LSCG neurons from E12 embryos ies and long neurites, although their somata did not show
were performed as described previously (Borasio et al., 1993). Chick the same extent of hypertrophy as NGF-treated neurons in
SCG (v.Holst and Rohrer, 1997) were treated identically. After they parallel cultures (Fig. 1A). Trituration of activated ras in
were preplated the neurons were seeded on gridded 35-mm cell LSCG neurons did not lead to an increased survival com-
culture dishes (Sarstedt) precoated with polyornithine and laminin. pared to controls (Fig. 1C; Borasio et al., 1993).Phase-bright neurons were counted in the same four grid squares
Because the trituration of activated ras resulted in an in-of each dish 2 and 48 h after seeding.
creased survival of E12 SCG neurons, we tried to interfere
with ras function by trituration of anti-ras Fab fragments.
Cell Loading We analyzed the survival of E12 SCG or LSCG neurons in
vitro 2 and 48 h after trituration in the presence of NGF.The neurons were loaded with proteins using the trituration
In control cultures 100 { 3% of the originally plated SCGmethod as described earlier (Borasio et al., 1993). Brie¯y, sympa-
thetic ganglia were triturated in the presence of 10 mg/ml G12V- neurons survived after 48 h. Their survival was signi®cantly
Ha-ras, 12 mg/ml anti-ras Fab fragments, or 10 mg/ml BSA as a reduced to 71 { 9% (n  3; P 0.05; Fig. 1B, gray bars) after
control. To assess trituration ef®ciency, cells were ®xed 3 h after treatment with function blocking anti-ras Fab fragments.
seeding and stained either with pan-ras antibody (Oncogene Sci- Thus, at least a subpopulation of SCG neurons in the chick
ence), followed by biotinylated anti-mouse antibody (Sigma) and depends on ras for NGF-mediated survival, similarly as de-
FITC±streptavidin (Boehringer Mannheim), or with DTAF-labeled
scribed in the rat (Nobes and Tolkovsky, 1995). In LSCGanti-rat-antibody (Jackson Immunoresearch) for the detection of the
neurons trituration with Fab fragments did not affect NGF-Fab fragments.
induced survival (Fig. 1C; Borasio et al., 1993).
Because we never observed an effect of triturated ras pro-
In-Gel MAP Kinase Assay teins or ras-blocking Fab fragments on LSCG neuron sur-
vival (Fig. 1C; Borasio et al., 1993), we found it importantFor the in-gel assay the ganglia were trypsinized, triturated, and
preplated as for neuron culture. For this experiment 400,000 neu- to demonstrate that ras or anti-ras Fab fragments are biologi-
rons per assay lane were seeded on a polyornithine-coated 35-mm cally active in these cells. We had shown previously that
dish and stimulated with 20 ng/ml NGF at 377C and 2.5% CO2 for NGF treatment of E12 LSCG leads to activation of MAP
30 min. The cells were then put on ice, washed once with ice-cold kinase (Klinz and Heumann, 1996). We therefore investi-
PBS, and lysed in 60 ml ice-cold lysis buffer according to Klinz and gated the effect of anti-ras Fab fragments and the dominant
Heumann (1996). Samples were loaded on a discontinuous SDS± negative S17N ras mutant on NGF-induced MAP kinase
PAGE gel containing 0.5 mg/ml myelin basic protein, puri®ed from
activation using in-gel kinase assays. In this experiment, 20porcine spinal cord (Eylar et al., 1974). After electrophoresis the
ng/ml NGF stimulated MAP kinase in LSCG neurons toproteins in the gel were denatured and renatured and the in-gel
4.7 { 1.9-fold after 30 min (Fig. 2). This increase in MAPkinase reaction was performed as described (Virdee and Tolkovsky,
kinase activity was signi®cantly reduced to 1.75 { 1.4-fold1995). Kinase bands were visualized by autoradiography and quanti-
®ed using a Fuji Phosphoimager and TINA 2.0 software. (n  3; P 0.05) in the presence of intracellular anti-ras Fab
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FIG. 1. Survival of E12 chick SCG neurons. (A) Phase-contrast photomicrographs of SCG neurons after 3 days in culture. The cells were
triturated with BSA (control), activated ras (G12V ras), or anti-ras Fab fragments (Fab) as indicated below and cultivated in the presence
or absence of NGF (20 ng/ml) as indicated above the photomicrographs; the scale bar is 40 mm. (B) Survival of SCG neurons triturated
with BSA (control), activated ras (G12V ras), or anti-ras Fab fragments (Fab) after 48 h in culture. The survival is expressed as the percentage
of neurons present 2 h after plating. The values represent three independent experiments. The error bars are standard errors and statistical
signi®cance (t test) is indicated by stars. *P  0.05; **P  0.005 (C) Survival of LSCG neurons triturated with BSA (control), activated
ras (G12V ras), or anti-ras Fab fragments (Fab) after 48 h in culture. The survival is expressed as the percentage of neurons present 2 h
after plating. The graph depicts one representative experiment. The error bars are standard errors from the evaluation of four grid squares
per dish.
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intracellular signaling mechanisms leading to survival di-
verge downstream of trkA activation in sympathetic neu-
rons depending on their axial origin during development.
The importance of p21ras for the induction of NGF-medi-
ated ®ber outgrowth has been demonstrated by the injection
of p21ras or anti-ras antibodies in the NGF-responsive PC12
cell line (see Hagag et al., 1986). In primary neurons p21ras
activity has been shown to be essential for survival and
induction of ®ber outgrowth in different types of peripheral
chick sensory neurons (Borasio et al., 1993), and sympa-
thetic neurons from the rat SCG (Nobes and Tolkovsky,
1995). In contrast, sympathetic neurons from chick lumbo-
sacral chain ganglia (LSCG) are not affected by intracellular
application of activated p21ras protein or by neutralization
of endogeneous p21ras activity using the anti-ras Fab frag-
ments (Borasio et al., 1993; and the present study).
The present analysis of the role of p21ras in chick SCG
neurons revealed that at least 30% of E12 SCG neurons
chick exhibit a p21ras-dependent survival mechanism,
which is very similar to the results described for rat SCG
neurons (Nobes and Tolkovsky, 1995). The observed rela-
tively small proportion of p21ras-dependent neurons may
be explained in part by the low trituration ef®ciency in SCG
neurons. Morphologically, cells surviving in the absence of
NGF by activated p21ras display a somewhat smaller cell
body and fewer, albeit long processes. This may result from
a limited activity of the loaded p21ras molecules. Alterna-
FIG. 2. (A) Autoradiograph of an in-gel MAP kinase assay. Kinase tively, it may also indicate ras-independent NGF signaling
activity is stimulated by NGF treatment and strongly reduced in
pathways contributing to neurite outgrowth and soma hy-the presence of intracellular anti-ras Fab fragments. (B) Quanti®ca-
pertrophy.tion of in-gel MAP kinase assays. After trituration, E12 LSCG neu-
The previously established lack of survival activity ofrons were treated with 20 ng/ml NGF for 30 min. This time point
activated p21ras protein introduced into the cytoplasm ofwas chosen because stimulation of MAP kinase was maximal after
chick LSCG neurons was further investigated. The neutral-30 min in time course experiments (data not shown). Open bars,
neurons triturated with 10 mg/ml BSA; dotted bars, neurons tritu- ization of endogenous p21ras by function-blocking Fab frag-
rated with 12 mg/ml anti-ras Fab fragments. The values represent ments led to a 63% reduction in MAP kinase activity. Con-
three independent experiments and the error bars are standard er- sistently, the introduction of a dominant inhibitory mutant
rors. Statistical signi®cance (t test) is indicated by stars. *P 0.05. (S17N) p21ras protein had a similar effect. This ®nding indi-
cates that in LSCG neurons the anti-ras Fab fragments are
functional and, although interfering with the p21ras signal-
ing cascade, they do not affect LSCG neuron survival. Taken
fragments (Fig. 2). Trituration with the dominant negative together with the NGF-induced stimulation of GTP-ras lev-
S17N ras mutant gave a similar effect (data not shown). els which is sensitive to the trkA inhibitor K252a (Carter
Thus, in LSCG neurons NGF signaling involves the ras et al., 1995; and own unpublished observations) and the
pathway, but this seems to be uncoupled from the NGF- lack of effects of MAP kinase inhibition on NGF-dependent
dependent survival pathway. survival and neurite outgrowth of LSCG neurons (Klinz et
al., 1996), our ®ndings suggest that the intracellular signal-
ing pathway starting with the activation of trkA receptor
DISCUSSION tyrosine kinase to stimulate MAP kinase via p21ras and
MEK operates in LSCG neurons in response to NGF, how-
ever, without supporting survival. This does not excludeThe binding of NGF to the trkA tyrosine kinase receptor
leads to dimerization and tyrosine phosphorylation of trkA the possible involvement of NGF/trkA-induced ras-MAPK
activation in other mechanisms such as protection againstwhich starts a signal transduction cascade that involves the
activation of p21ras and MAP kinase (for review see Heu- oxidative stress (Dugan et al., 1997).
The mechanisms leading to the differences in ras require-mann, 1994). We show here that p21ras is important for
NGF-dependent survival of sympathetic neurons from ments for NGF-dependent survival between SCG and LSCG
sympathetic neurons are not known. However, the analysischick SCG, in contrast to neurons from lumbosacral ganglia
of the paravertebral chain. This suggests that NGF-induced of mice de®cient for c-ret revealed that survival of SCG
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dependence on c-ret of subsets of enteric and sympathetic neuro-neurons but not of trunk sympathetic neurons was affected
blasts. Development 122, 349±358.(Durbec et al., 1996). The concomitant disappearance of
Eylar, E. H., Kniskern, P. J., and Jackson, J. J. (1974). Myelin basicmajor subpopulations of enteric neurons led to the hypothe-
proteins. Methods Enzymol. 32, 330±331.sis of separate lineages for trunk sympathetic neurons (sym-
Furth, M. E., Davis, L. J., Fleurdelys, B., and Scolnick, E. M. (1982).pathoadrenal lineage) and neurons of the SCG and enteric
Monoclonal antibodies to the p21 products of the transforming
nervous system (sympathoenteric lineage). Interestingly, gene of Harvey murine sarcoma virus and of the cellular ras gene
our results suggest a possible correlation between p21ras- family. J. Virol. 43, 294±304.
and c-ret-dependent survival of sympathetic neurons during Hagag, N., Halegoua, S., and Viola, M. (1986). Inhibition of growth
development. It remains to be determined if NGF/trkA and factor-induced differentiation of PC12 cells by microinjection of
antibody to ras p21. Nature 319, 680±682.c-ret share common pathways signaling for survival.
Heumann, R. (1994). Neurotrophin signalling. Curr. Opin. Neu-In conclusion, our results may resolve the contradictory
rosci. 4, 668±679.reports about the role of p21ras in sympathetic neuron sur-
Klinz, F. J., Wolff, P., and Heumann, R. (1996). Nerve growth factor-vival and reveal an unexpected complexity of signal trans-
stimulated mitogen-activated protein kinase activity is not nec-duction mechanisms downstream of trkA activation even
essary for neurite outgrowth of chick dorsal root ganglion sensory
within one major class of peripheral neurons. and sympathetic neurons. J. Neurosci. Res. 46, 720±726.
Nobes, C. D., Reppas, J. B., Markus, A., and Tolkovsky, A. M.
(1996). Active p21ras is suf®cient for rescue of NGF-dependent
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